
UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

Organic Geochemical Analyses for 247 Organic-rich-rock and 11 Oil Samples 
from the Middle Pennsylvanian Cherokee and Marmaton Groups, southeastern 

Iowa, Missouri, southeastern Kansas, and northeastern Oklahoma

By

Joseph R. Hatch, Ted A. Daws, Sister Carlos M. Lubeck, Mark J. Pawlewicz, 
Charles N. Threlkeld and April K. Vuletich1

Open-File Report 84-160

This report is preliminary and has not been reviewed for conformity with 
U.S. Geological Survey editorial standards and stratigraphic nomenclature. 
Any use of trade names is for descriptive purposes only and does not imply 
endorsement.

1 Denver, Colorado 80225

1984



CONTENTS

Page

Introduction............................................................ 1
Methods................................................................. 1
Explanation of tables................................................... 2
References Cited........................................................ 3

ILLUSTRATIONS

Page
Figure 1. Index map of the midcontinent region shows the outcrop- 

subcrop of Middle Pennsylvanian rocks, major structural 
features, and sample locations. Modified from King and 
others (1974) and Vlissides and Quirin (1964)................ 4

Tables 1. Sample numbers, lithologies, locations, sample types and
depth interval or thickness for 247 rock samples from the 
Middle Pennsylvanian Cherokee and Marmaton Groups, 
southeastern Iowa, Missouri, southeastern Kansas, and 
northeastern Oklahoma....................................... 5

2. Sample numbers, field names, locations, producing 
horizons and approximate depth for 11 oil samples 
produced from the Middle Pennsylvanian section, 
southeastern Kansas and northeastern Oklahoma............... 24

3. Organic carbon content and Rock-Eval pyrolysis
analysis for rock samples from the Middle Pennsylvanian
Cherokee and Marmaton Groups................................ 25

4. Vitrinite reflectance for 19 coal samples from the
Middle Pennsylvanian Cherokee and Marmaton Groups........... 34

135. Organic carbon 6 C analyses for 38 rock samples from
the Middle Pennsylvanian Cherokee and
Marmaton Groups............................................. 35

6. Chloroform extractable organic matter composition 
for 77 rock samples from the Middle Pennsylvanian 
Cherokee and Marmaton Groups................................ 36

137. 6 C analyses of saturated HC and aromatic HC
fractions of the extractable organic matter for 18 rock
and 6 oil samples from the Middle Pennsylvanian Cherokee
and Marmaton Groups......................................... 39



Organic Geochemical Analyses for 247 Organic-rich-rock and 11 Oil Samples
from the Middle Pennsylvanian Cherokee and Marmaton Groups, southeastern

Iowa, Missouri, southeastern Kansas, and northeastern Oklahoma

By

Joseph R. Hatch, Ted A. Daws, Sister Carlos M. Lubeck, Mark J. Pawlewicz, 
Charles N. Threlkeld and April K. Vuletich

INTRODUCTION

This report presents descriptions and compilations of organic geochemical 
data for 247 rock and 11 oil samples collected from the Middle Pennsylvanian 
Cherokee and Marmaton Groups, from 21 locations in southeastern Iowa, 
Missouri, southeastern Kansas and northeastern Oklahoma. Figure 1 is an index 
map showing the outcrop-subcrop area of the Middle Pennsylvanian rocks in the 
midcontinent, major structural features and sampled locations. Rocks from the 
Cherokee and Marmaton Groups are a complex mixture of coal cyclothem 
lithologies which record deposition in marine, transitional marine, and 
nonmarine environments. These samples were collected to document organic 
geochemical variability and to determine which, or if any, of the various 
Middle Pennsylvanian lithologies are probable source rocks for the Cherokee 
oils.

METHODS

Organic carbon determinations are used to characterize the amount of 
organic matter; Rock-Eval pyrolysis, organic-carbon isotope analyses, and 
extractable organic matter (EOM) compositions are used to characterize 
variation in organic-matter type; vitrinite reflectance and Rock-Eval 
pyrolysis (T^.^, S£ peak) are used to characterize the organic matter thermal 
maturity.

Organic carbon was determined by a wet oxidation method slightly modified 
from Bush (1970).

Pyrolysis assay was by Rock-Eval 1 using the instrument (Girdel) and 
methods of Espitalie and others (1977). This method measures contents of 
volatile hydrocarbons (S^, mgHC/g rock) pyrolytic hydrocarbons (S£, mgHC/g 
rock) and pyrolytic carbon dioxide (§3, mgC02/g rock) and the temperature of 
maximum hydrocarbon generation (82 peak) during pyrolysis (Tmax). Sj, 82, £3, 
and organic carbon are combined mathematically in the form of various indicies 
used for hydrocarbon source rock evaluation. These indicies include the 
genetic potential (Sj + 82> mgHC/g rock), hydrogen index (HI, S2/org. C, in mg 
HC/g org. C), oxygen index (01, S3/org. C, in mg C02 /g org. C), volatile 
hydrocarbon yield (S^/org. C, in mgHC/g org. C) and the production index
(S 1 /s 1+s2 ).

Procedures used for measuring vitrinite reflectance (RQ , oil immersion, 
random orientation) are described in Bostick and Alpern (1977).



1 o 10
Organic carbon C/ C ratios were determined by standard techniques. An 

oven-dried (40°C) powdered sample was reacted with 2N HC1 to dissolve 
carbonate. The residue was centrifuged, decanted, washed three times, dried 
and combusted in oxygen in an apparatus similar to that described by Kaplan, 
Smith and Ruth, (1970). The resulting C0£ was purified and isotope ratios 
were determined with a 6-inch Nier-type double-collecting mass spectrometer 
equipped with a dual inlet system. Results are reported in the usual 6 
notation relative to the PDB marine-carbonate standard.

Pulverized samples «100 mesh) were extracted with chloroform (CHClg) in 
a Soxhlet apparatus for 20 to 24 hours to determine the extractable organic 
matter (EOM) content. Sulfur was removed from the EOM by refluxing with 
polished copper metal. The filtered EOM, or an aliquot, was evaporated at 
room temperature under nitrogen to an arbitrarily defined solvent-free point 
and the weight of the total extract used to calculate the EOM concentration. 
The EOM isolated was diluted with N-heptane to precipitate the asphaltenes. A 
concentrate of the solution was separated by column chromatography on silica 
gel, eluting successively with heptane, benzene and benzene-methanol to 
collect the saturated hydrocarbons, aromatic hydrocarbons and resin (NSO) 
fractions, respectively.

The saturated hydrocarbon fractions were analyzed further by gas 
chromatography on a SE54 bonded phase WCOT column, 30 m x 0.36 mm I.D. 
temperature programmed from 80 to 300°C at 8°C per minute. Identifications of 
peaks on the resultant chromatograms were based on relative retention times. 
Measurements of peak heights above baseline were used to calculate 
pristane/phytane.

EXPLANATION OF TABLES

Descriptive information for the 247 rock and 11 oil samples and results 
of the organic geochemical analyses are listed in Tables 1 through 7. Table 1 
lists sample numbers, lithologies, locations, sample types and depth interval 
or thickness for the 247 rock samples. Table 2 lists sample numbers, field 
names, locations, producing horizon and approximate production depth for 11 
oil samples produced from the Middle Pennsylvanian section in southeastern 
Kansas and northeastern Oklahoma. Table 3 lists organic carbon and Rock-Eval 
pyrolysis analyses on the rock samples; Table 4 lists vitrinite reflectance 
for 19 coal samples; Table 5 lists organic carbon 6 C for 38 samples; Table 6 
lists data on the amounts and composition (saturated HC, aromatic HC, resin, 
asphaltene, saturated HC+ aromatic HC/bitumen, saturated HC/aromatic HC, and 
pristane/phytane) for the extractable organic matter for 77 rock samples, and 
Table 7 lists 6 13C of saturated HC and aromatic HC fractions from 18 rock 
extracts and 6 oil samples.
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Table 4. Vitrinite reflectance for 19 coal saaples from the Middle 
Pennsylvanian Cherokee and Marnaton Groups

Sample 
number

41-24
41-60
22-7
22-30
22-48

GS-105
BM14-4

MC204-2
MC168-6
D189091

D196198
889-72

1513-13A
1513-27
1535-79

1535-146
1044-40
1044-81
1044-99

Vitrinite reflectance3
« V

Median

0.43
.53
.48
.46
.52

.45

.43

.51

.53

.65

.70

.68

.57

.63

.73

.80

.87

.99

.97

Rangeb

0.30-.53
.40-. 65
.39-. 55
.40-. 57
.43-. 59

.35-. 57

.32-. 55

.45-. 65

.42-. 61

.54-. 75

.59-. 83

.55-. 79

.48-. 66

.47-. 75

.58-. 82

.66-. 91
.75-1.06
.80-1.12
.83-1.09

Standard 
deviation

0.04
.05
.04
.04
.04

.04

.04

.03

.03

.03

.03

.05

.03

.05

.04

.05

.06

.06

.05

Number of Quality0 
measurements PASLV+PGH

125
75

100
125
96

125
125
125
125
125

127
139
125
125
125

125
132
125
125

46699-313
64488-422
57789-115
46699-413
48689-213

67699-213
76699-312
97669-314
99699-911
97799-313

97699-214
87699-513
97699-213
97799-313
97799-313

75599-512
97699-213
87799-313
97699-514

a) Reflectance of vitrinite grains at random orientation, oil immersion 
objective.
b) Range of values, first-cycle vitrinite constituent group.
c) Operator subjective evaluation (scale 1 to 9 of increasing quality or 
abundance) of polish, abundance (in the preparation), size, ease of picking 
"low-gray" or first cycle vitrinite, assurance that it is vitrinite, + pyrite 
in organic grains, organic groundmass, and "high-gray" seen but not included 
in the measurements (inertinite in coals).



1 ^Table 5. Organic carbon 6 C analyses for 38 rock samples 
from the Middle Pennsylvanian Cherokee and Marmaton Groups

Sample
number

41-2
41-18
41-32
'41-53
22-22e

22-23
22-33
21-36
Anna

Lexington

BM 14-2
BM 14-3
MC121-2
MC121-3
MCI 2 1-4

MC142-3
D189091
1535-12

1535-13a
1535-23

1535-25
1535-78
1535-79

1535-144
1535-146

1615-237
1615-290
1615-292
1044-32
1044-38

1044-40
1044-46
1044-47
1044-48
1044-97

1044-99
1051-115

Organica
carbon
(percent)

46.8
61.8
45.3
3.3

25.1

. 63.4
52.5
64.8
23.3
71.7

23.1
15.0
19.7
9.9

61.0

6.0
69.6
4.7
73.0
7.2

14.6
10.3
68.4
1.7

33.4

14.9
21.0
62.7
9.9
4.1

56.7
5.5
15.2
62.4
4.7

64.3
12.4

i o v.6 13cb

-24.9
-25.6
-24.6
-24.3
-26.4

-25.3
-24.6
-25.1
-26.1
-25.4

-27.2
-24.9
-25.7
-24.7
-24.6

-23.9
-25.3
-24.3
-24.8
-24.3

-26.1
-24.5
-24.8
-24.3
-24.5

-25.6
-24.8
-24.9
-26.4
-25.1

-24.4
-24.5
-26.1
-25.8
-24.3

-24.3
-26.1

Faciesc

Nearshore shale (coal)
Do. (coal)
Do. (coal)
Do.
Do.

Nearshore shale (coal)
Do. (coal)
Do. (coal)

Offshore shale
Nearshore shale (coal)

Offshore shale
Do.
Do.
Do.

Nearshore shale (coal)

Do.
Do. (coal)

Offshore shale
Nearshore shale (coal)
Offshore shale

Offshore shale
Nearshore shale

Do. (coal)
Do.
Do. (coal)

Offshore shale
Do.

Nearshore shale (coal)
Offshore shale

Do.

Nearshore shale (coal)
Offshore shale

Do.
Nearshore shale (coal)

Do.

Do. (coal)
Offshore shale

a. Air-dried basis.
b. Results are relative to the PDB marine carbonate

standard.
Facies nomenclature is from Heckel (1977).
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Table 7.  $ C analyses of saturated HC and aromatic HC fractions of the
extractable organic matter for 18 rock and 6 oil samples from the Middle

Pennsylvanian Cherokee and Marmaton Groups.

[HC = hydrocarbons]

Sample
number

6 13Ca

saturated HC

6 13Ca

aromatic HC Faciesb

Rocks

41-32
22-33

Lexington
MC121-4
D189091

349-3
1535u-25

1535-12
1535-13a

1535-23

1535-25
1615-6

1051-50
1044-32
1044-38

1044-40
1044-97
1044-99

-27.9
-27.2
-28.9
-26.6
-28.6

-27.4
-28.7
-26.8
-26.8
-26.5

-28.3
-29.0
-28.1
-28.0
-27.4

-27.5
-27.7
-25.9

-26.0
-25.9
-25.7
-24.9
-26.6

-27.6
-28.0
-26.0
-25.6
-26.2

-27.4
-28.7
-27.3
-27.4
-25.4

-24.9
-27.5
-24.4

Nearshore shale
Do.
Do.
Do.
Do.

Offshore shale
Do.
Do.

Nearshore shale
Offshore shale

Do.
Do.
Do.
Do.
Do.

Nearshore shale
Do.
Do.

(coal)
(coal)
(coal)
(coal)
(coal)

(coal)

(coal)

(coal)

Oils

58200
58204
58206
58208
58209
64249

-30.6
-30.2
-29.2
-30.3
-29.5
-30.4

-29.2
-29.4
-28.2
-29.0
-28.7
-29.0
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